Purified preparations of RNA-dependent DNA polymerase isolated from avian myeloblastosis virus contain RNase H activity. Labeled ribohomopolymers are degraded in the presence of their complementary deoxyribopolymer, except [3HJpoly(U).poly(dA). The degradation products formed from [3 Hpoly(A) . poly(dT) were identified as oligonucleotides containing 3'-hydroxyl and 5'-phospbate termini, while AMP was not detected. The nuclease has been characterized as a processive exonuclease that requires ends of poly(A) chains for activity. Exonucleolytic attack occurs in both 5' to 3' and 3' to 5' directions.
Assay for RNase H. Reaction mixtures (0.05 ml) containing 1 4mol of Tris -HCl (pH 8.0), 0.5 umol of MgC12, 0.3 jumol of dithioerythritol, 2 ,ug of albumin, 0.52 nmol of poly(dT), 0.56 nmol of [3H]poly(A), and enzyme were incubated for 30 min at 380. Reactions were stopped by the addition of 0.1 ml of cold 0.1 M sodium pyrophosphate, 0.4 mg of albumin, 52 nmol of denatured salmon-sperm DNA, and 0.5 ml of 5% Cl3CCOOH. The reaction mixtures were centrifuged at 7000 x g in an International centrifuge, and the supernatant was collected and counted in 10 ml of Bray's scintillation fluid (15) .
Preparation of Circular Poly(A). Circular poly(A) was prepared with [5'-32P]poly(A) (1420 cpm/pmol) and T4 RNA ligase by the method of Silber et al. (12) . Unreacted poly(A) was removed by exhaustive digestion with RNase II (0.2 unit) (11) , and the reaction mixture was heated at 65°f or 4 min; 20% of the 32p remained acid-insoluble after RNase II treatment. Synthesis of [5' 32p] , [3'-3H ]Poly(A). 5'-Hydroxyl-terminal poly(A) (0.18 nmol of nucleotide, chain length 500-1000), prepared by treatment with bacterial alkaline phosphatase (2.8 units), was labeled with 32p in a reaction mixture (1 ml) containing 50 jimol of Tris-HCl (pH 8.0), 3 /Amol of sodium phosphate, 3 ,umol of dithioerythritol, 75 ,ug of albumin, 5 umol of MgC12, [,y_32P ]ATP (3240 cpm/ pmol, 12 nmol), and polynucleotide kinase (13 units AMV RNase H activity is independent of DNA synthesis, since it does not require dNTPs for activity. A requirement for dTTP is observed when poly(dT) is replaced by oligo(dT) in the reaction. With poly(A) (300-400 nucleotides in length) + poly(dT), nuclease action is linear until about 60% of the poly(A) is rendered acid-soluble, after which the rate decreases markedly. However, the reaction continues until more than 95% of the poly(A) is degraded. Removal of poly(dT) at any time during the incubation with Ipancreatic DNase results in an immediate cessation of poly(A) degradation, indicating that poly(dT) is required for continual action of the AMV RNase H. Stimulatory protein, which enhances DNA synthesis catalyzed by the AMV RNA-dependent DNA polymerase, increased the rate of attack on [3H ]poly(A) -poly(dT) by AMV RNase H as much as 4-fold. The stimulatory protein, in the absence of AMV polymerase, was free of detectable RNase H activity. As observed for DNA synthesis, the stimulatory protein specifically affected AMV RNase H activity and had no effect on RNase H isolated from E. coli under identical conditions. The acid-soluble degradation products of poly(A) -poly(dT) were identified as oligonucleotides 2-8 nucleotides long containing 3 '-OH and 5'-phosphate termini (7, 8 (7) . This specificity of the AMY enzyme V'enom phosphodiesterase, a 3' to 5' exonuclease, preferentially released 3H from the 3'-end. E. coli DNA polymerase I conltains a 5' to 3' RNase H activity (7, 8, 18 that all of the enzyme is bound, the addition of unlabeled poly (A) poly(dT) to the incubation mixture should have no effect on the acid-solubilization of the labeled poly(A). As shown in Fig. 2 , the addition of a 16-fold excess of unlabeled poly(A) -poly(dT) 1 min after the start of the reaction had no effect on the rate of degradation of [3H]poly-(A) -poly(dT) by AMV RNase H. On the other hand, when unlabeled poly(A) -poly(dT) was added to the incubation before RNase H, the rate of reaction was markedly reduced (Fig. 2) Table 1 ). E. coli RNase H, an endonuclease, degraded all poly(A) derivatives tested in the presence of poly-(dT) ( Table 1) .
DISCUSSION
Preparations of AMV polymerase purified in our laboratory contain detectable RNase H activity, as described by Molling et al. (6) , Baltimore and Smoller (7), and Keller and Crouch (9) . Whether these two activities are part of one enzyme molecule composed of different subunits or present in physically separated proteins remains to be elucidated.
The products formed from poly(A) -poly(dT) by action of AMV RNase H are oligonucleotides with 3'-OH and 5'-phosphate termini. Despite this fact, the nuclease has an absolute requirement for ends of RNA chains for activity, as shown by its inability to digest circular poly(A) or poly (A) blocked at both 3' and 5' ends. Furthermore, the rate of degradation of [3H ]poly (A) -poly(dT) is unaffected by the addition of excess unlabeled poly(A) -poly(dT) after start of the reaction. These results can be explained if AMV RNase H acts as a processive exonuclease. The exonucleolytic cleavage can occur in both 5' to 3' and 3' to 5' directions, as shown by the ability of the nuclease preparation to degrade poly(A) blocked either at the 5'-or 3'-end. In contrast, E.
coli RNase H acts endonucleolytically and attacked all of the poly(A) substrates used. The role that AMV RNase H plays in the mechanism of RNA transcription to DNA is unclear. Our understanding of (14) . Furthermore, isopycnic banding in Cs2SO4 after formaldehyde denaturation shows covalent attachment of the newly synthesized DNA to RNA primer 3'-OH ends. Since segmented 60-70S RNA has many such 3'-OH ends, the action of RNA-dependent DNA polymerase on this RNA would generate short covalently-linked DNA segments as RNA -DNA hybrids throughout the RNA (Fig. 3) instead of the viral length DNA expected for replication.
The mechanism of action of AMV RNase H reported here does not suggest to us a role for this activity in the release of DNA as postulated by M6lling et al. (6) . Detailed studies show that RNA in internal RNA DNA hybrids will not be cleaved by the AMV RNase H, because the enzyme is a processive exonuclease that requires hybrid RNA ends for activity. However, AMV RNase H would specifically remove RNA from both ends to create single-stranded DNA regions. These single-stranded DNA ends could be used by the host cell recombination machinery to incorporate the hybrid structure directly into the host chromosome. In this way, it may not be necessary to transcribe all RNA regions into DNA before integration. Once this structure is integrated, RNase H of the nucleus [an endonuclease (9) ] could remove internally situated RNA in hybrid structures and the host DNA-repair machinery could convert these structures into DNA. This mechanism would obviate the necessity to integrate multiple small pieces of DNA into the host chromosome. A diagrammatic summary of the postulated reaction is presented in Fig. 3 .
The mechanism proposed in Fig. 3 predicts that after infection, integration of part of the oncornaviral RNA into the host chromosome should occur. In addition, it suggests that RNA-dependent DNA polymerase may be responsible for converting virus RNA of suitable structure (partly duplex in structure, with a primer-template relationship) into RNA*DNA hybrids, rather than catalyzing the transcription of the entire RNA genome into DNA. The mechanism of virus RNA replication is unknown. Since the genetic information of the virus proposed above would reside within the host chromosome, a second prediction of this model is that the synthesis of oncornaviral RNA is catalyzed by the DNA-dependent RNA polymerase of the host.
